A microbiological hood was designed to reduce the danger of airborne infection of laboratory workers. The hood uses absolute filters to deliver sterile air in a laminar flow to the work area. An air curtain across the hood opening permits easy access but separates the worker from aerosols produced in the hood, and protects material inside the hood from contamination by room air. Tests with bacterial and viral aerosols showed that the air curtain is at least 99.96% effective in preventing airborne particles from entering the work area.
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A practical hood was developed to prevent airborne infection among laboratory workers. Pike et al. (9) reported 641 laboratory-acquired infections caused by bacterial, viral, rickettsial, fungal, and parasitic human pathogens with 13 deaths over a period of 13 years, and a committee of the American Public Health Association has records of over 2,700 cases of laboratory-acquired infections with 107 fatalities (6, 7) . Wedum ob- served that the infective dose most often arises in an aerosol at the laboratory bench during routine laboratory procedures (10) . It is believed that the present hood will adequately confine aerosols generated during normal laboratory manipulations. Another application of the hood is to reduce contamination of microbial and cell cultures. A recent survey of long-term cell cultures used for vaccine production showed between 45 and 90% to be contaminated with mycoplasma (Barile, personal communication). Bacterial, fungal, and intra-and interspecies contamination with L or HeLa cells occurs frequently (2, 5) .
MATERIALS AND METHODS
Biohazard hood. A biohazard hood measuring 4 ft by 2.5 ft by 8 ft high (121.92 by 76.2 by 243.84 cm) was made to our specifications (manufactured by The Baker Co., Biddeford, Me.). The objective of the hood is to reduce or eliminate airborne infections of cultures and laboratory personnel.
Airflow patterns in the hood are shown in Fig. 1 . Air is passed through a high efficiency particulate air (HEPA) filter that meets government standards by removing 99.97% of dioctylphthate particles having an average diameter of 0.34 pm (4) . The filter extends across the entire roof of the work cabinet and air moves downward in the hood with minimal turbulence at an average velocity of 100 ft (30.48 m) per min (FPM). Air leaves the work area of the cabinet through two perforated exhaust grills located at the bottom of the rear wall and at the front of the work surface. Ninety per cent of the air is recirculated through the main HEPA filter and 10% is exhausted through a second HEPA filter at the top of the hood. The exhausted air is replaced by a similar volume of room air drawn through the 10-inch (25.4 cm) opening of the hood. This room air does not enter the work area of the hood but passes down through the grill in front of the work area. The air curtain across the front opening moves at a speed of 170 to 200 FPM and creates a barrier to passage of particles into or out of the hood.
Generation and enumeration of bacterial and viral aerosols. Aerosol clouds of a 24-hr culture of Serratia marcescens were generated with a DeVilbis no. 40 nebulizer. Approximately 108 bacteria were nebulized per test, and samples were collected on Trypticase Soy Agar in Andersen samplers or on settling plates with the filter unit turned off. The filter unit was then turned on, 101 bacteria were nebulized, and samples were taken at the same locations. Andersen samplers were calibrated to sample 1 ft3 of air per min. Plates were incubated for 24 hr at 35 C, and results were expressed as colony-forming units (CFU) per cubic foot of air for Andersen samples or as CFU per settling plate.
Approximately 109 plaque-forming units (PFU) of T3 coliphage were nebulized in a similar manner, and samples were collected in Andersen samplers or in 50-ml plastic syringes containing 10 ml of tryptose phosphate broth. Andersen samplers containedpetri dishes filled with 27 ml of gelatin, and 1 ft3 of air was sampled per min. After the test, the gelatin was liquified at 37 C and assayed for bacteriophage by plating on a culture of E. coli strain B. The plastic syringe collected a 40-ml sample ofair, and the Andersen sampler inthese tests collected 28,300 ml of air; but in 175 nebuliza- (8) . In their study, the penetration of Ti phage through four different HEPA ifiters averaged 0.003%. It should be pointed out that the Dautrebunde generator is more effective in producing monodispersed submicron particles than are most nebulizers commonly employed in the generation of microbial aerosols. The particle size of aerosols produced from liquid suspensions is not determined by the size of bacteria or viruses but by the shearing force applied, the nozzle aperture, and the type and concentration of solutes in the spray suspension.
The observed efficiency of HEPA filtration in removal of nebulized bacteria and viruses from air, when an effort has been made to produce an aerosol of very small particle size, makes us confident that these filters will be equally or more effective in removal of particles generated by normal laboratory procedures, such as pipetting, pouring solutions, streaking plates, etc. These operations are likely to produce only larger particles. Table 1 lists the results of 31 experiments in which we tested the penetration of the air curtain by S. marcescens. When bacteria were nebulized inside of the hood and samples were taken outside of the hood, the average number of CFU/ftt collected in the Andersen samplers with the unit on was 0.02%o of the average CFU/ft3 collected at the same site with the unit off. In these tests, Andersen samplers detected airborne Serratia outside of the hood with the unit in operation in one test of five. In the positive test, one sampler outside of the hood collected two colonies of Serratia and two other samplers outside of the hood remained sterile, whereas an average of 537 CFU/ft3 were obtained at the same sites when the filters were not in operation. When the bacteria were nebulized inside of the hood and collected outside of the hood on settling plates, the results of eight tests showed a penetration of 0.026%.
Bacteria nebulized outside of the hood were released 3 inches (7.62 cm) in front of and 9 inches (22.86 cm) above the work surface at the left hand side of the hood opening. The bacterial spray was directed toward the right, parallel to the opening. Andersen samplers were used to detect the nebulized organisms in six tests. Three Andersen samplers were inside of the hood in each test. As shown in Table 1 , the Andersen samplers inside of the hood did not detect organisms in any test when the filter unit was running, compared to an average value of 551 CFU/ ft3 monitored by the three samplers when the filter unit was not running. When settling plates were used to sample the aerosol in 12 tests, an average of 0.12 CFU were collected per plate with the filter unit in operation as compared to 350 CFU/plate with the filter turned off, or 0.038% penetration.
The results of spraying T3 phage inside of the hood are listed in Table 2 . Phage was not detected outside of the hood with the filter unit turned on in eight tests and it was detected in two tests. In one of the positive tests, 94 PFU/ft3 were monitored with the filter unit running and 3.4 X 107 were monitored with the unit off, a difference of more than 5 logs. On the other occasion, 2.5 X 104 PFU/ft3 were observed with the unit on and 2.3 X 108 PFU/ft3 with the unit off, a difference of 4 logs. The average penetration of phage through the air curtain in 10 tests was 0.0008%.
In another test, twenty 250-ml Erlenmeyer flasks containing tryptose phosphate broth were left open in the laboratory and 20 such flasks were left in the biohazard hood with the unit turned on. All flasks in the hood were sterile after 5 days, whereas 17 of 20 flasks in the laboratory were contaminated.
Tests to show the absence of turbulence within the hood were conducted as follows. The work surface of the hood measures 45 by 16 inches (114.3 by 40.64 cm) and was covered with 40 standard petri dishes in 10 rows of 4 each. With the petri dishes exposed and the filter unit turned on, S. marcescens was nebulized 18 inches (45.72 cm) above the work surface in the middle of the hood, with the spray directed toward the right. Bacteria were recovered from dishes located 0 to 18 inches (0 to 45.72 cm) to the right of the release point, whereas dishes beyond this point and those located to the left of the nebulizer remained sterile. When this test was performed with the filter unit turned off, every dish in the hood was heavily contaminated as were 20 dishes exposed on a table in front of the hood. The force of the spray jet carries organisms 18 inches (45.72 cm) to the right because the jet emerges at a speed of 1,000 FPM and slows to less than the speed of the air stream at 18 inches (45.72 cm). When the nebulizer was placed 6 inches (15.24 cm) above the work surface and directed toward the back of the hood, only 1 to 2 rows of petri dishes were contaminated (Fig. 3) .
In another test with the filter unit in operation, Serratia was nebulized 6 inches (15.24 cm) above the work surface in the middle of the hood with the spray directed toward the right. Two Andersen samplers were positioned 3 inches (7.62 To measure contamination of room air caused by rapid removal of hands and contaminated objects from the hood, the blendor was operated for 1 min and then the blendor lid was removed and kept in the hood while samples were collected outside of the hood opening. This was repeated, but the blendor lid was immediately removed from the hood and held over Andersen and syringe samplers just outside of the hood opening.
A few organisms were recovered in two tests, and all samples were sterile in nine tests when the hands and blendor were in the hood. When the hands and Waring Blendor lid were immediately removed from the hood, all samples were sterile in 5 of 11 tests. Three Andersen samplers were sterile in two tests and contaminated on one test. Syringe samplers detected organisms in five of eight tests under these adverse conditions. It is obvious that good microbiological techniques should be employed while working in the hood in order to permit the airstream to remove aerosols and to prevent contamination of the hands. This can be supplemented by hand washing or by use of surgical gloves as an added preventive measure.
The capability of the present hood to remove generated aerosols can be mathematically expressed by the logarithmic equation used by Bourdillon and Colebrook (1) . The rate of biological decay of a substance at any moment is proportional to the concentration present at that moment and to the rate of removal. In equation form this may be expressed:
